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Spectral analysis of solar wind plasma fluctuation requires knowledge of the average
ground tracking system phase fluctuation spectrum. This article presents typical ground
tracking system phase fluctuation spectra as deduced from two-way S-band doppler noise

measured at large Sun-Earth-Probe angles.

l. Introduction

An extremely important tool in solar wind investigations is
the spectral analysis of either single-frequency (S) or dual-
frequency (S-X) doppler phase fluctuations. As a part of this
analysis, one needs to know something about the spectral
characteristics of phase fluctuations induced in the ground
tracking system, so that this effect may be separated out or at
least known to be insignificant when compared to the
particular solar-wind-induced phase fluctuations being ana-
lyzed. In Reference 1, test results are documented of measured
two-way S-Band doppler (phase) noise for the Pioneer 10,
Pioneer 11, Helios 1, and Helios 2 spacecraft when they were
at large Sun-Earth-Probe (SEP) angles, so that the solar wind
contribution (to the doppler noise) was minimized. The
doppler noise was computed for sample intervals between 1!
and 60 seconds, with the number of doppler samples fixed at
15 in all cases, hence resulting in an observational time scale
proportional to sample interval. Reference 2 presents a
method whereby sample interval dependent doppler noise is
easily converted to the equivalent fluctuation spectrum; it will
thus be the purpose of this article to translate the average
doppler phase fluctuation (noise) data from Reference 1 into
equivalent phase fluctuation spectra.

Il. Measured Ground Tracking System
Average Phase Fluctuation Spectra

In Reference 2 it was found that the relationship between
doppler noise produced by the Network Operations Control
Center (NOCC) tracking validation software doppler noise
algorithm' and RMS phase (¢) was:

o(r) = %7’ * noise (1)

-
1}

doppler sample interval, s

Reference 2 further assumed that the relationship between
doppler sample interval and phase fluctuation frequency (v)
was:

v~ (307)!

A “running” standard deviation computed from a least squares linear
curve fit to 15 samples of actual minus predicted (average) doppler
frequency.
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so that the noise equivalent phase fluctuation spectrum (Pg(V))
was

P )= L1601}

Using this technique, the doppler noise data from Reference 1
translates to the following (ground tracking system) spectra:

Pioneer 10 : Pg(v)= 1.11 X 107! »=1+2 1ad? /Hz

Pioneer 11 : Pg(v) =1.98X 107! »~1-2 1ad? /Hz
Helios 1 P (v)=5.00 X 1072 p~1-% rad? /Hz
Helios 2 P (v)=(1.25X 10720714 +4.70 X

1077 p=3) rad? /Hz

Table 1 lists the decade spaced spectral density values for each
spacecraft for the phase fluctuation frequency range:

10Hz>v> 1075 Hz

while Figure 1 presents the results in graphical form.

Although the ground tracking system is believed to be the
major contributor (in combination with the particular round-
trip-light-time for each spacecraft) to these fluctuation spectra,
there are also spacecraft and Solar Wind components. As an
example, the Helios 2 spectra for the frequency region:

v<1073 Hz

would appear to be almost solely due to solar wind plasma
fluctuation, and not the ground tracking system. The most
important contributor to the tracking system stability is the
Deep Space Station (DSS) frequency standard, which in these
cases was a rubidium standard. For the DSS which have (or
will have) a hydrogen maser frequency standard, the corre-
sponding ground tracking system phase fluctuation spectra can
be expected to be substantially decreased.
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Table 1. Average phase fluctuation spectral density versus
fluctuation frequency

Average phase fluctuation spectra, radz/Hz

Fluctuation

frequency, Hz  Pioneer 10  Pioneer 11 Helios 1 Helios 2
10! 70x 107 1.2x102 2.0x107° s5.0x107*
10° 1L1x 107" 20x107! 5.0x102  1.3x 1072
107! 1.8x10% 31x10° 13x10°  31x 107!
1072 28x 100 sox10! 32x100  7.9% 10°
1073 44x 102 79x10% 79x10%2  6.7x10%
107 70x10%  1.2x10% 20x10*  4.8x 10°
1075 1.1x 105 20x10° s50x10°  47x108
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Fig. 1. Typical ground tracking system phase fluctuation spectra
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